Eddy Current Workshop

Problem 1A
The FELIX Long Cylinder Experiment

L General Description of the Problem

This problem consists of a thin wall long hollow aluminum cylinder placed in a
uniform magnetic field, The magnetic field is perpendicular to the axis of the
cylinder and decays exponentially with time. The problem is to calculate the induced
eddy currents in the aluminum and the magnetic field both inside and outside the
cylinder at various axial positions. Global quantities such as power losses, stored
energy, forces, etc. should also be calculated. If capability for 3D calculations is

not available, 2D calculations are acceptable.

2a. Specific Mesh Description

Cylinder gecmetry:

Length: 1.20m 0_|3|7 m
Inner radius: L1317 m
Outer radius: L1365 m
< .20 m ——=
0.1365 m

The cylinder material is aluminum alloy 6061 of resistivity p = 3.9%4 x 107° ohm-
m. The nodes that form the specified mesh are shown in Fig. l.a,b for the xz-y plane,
and Fig. 2.a,b for the x-z plane. The finite elements need not be triangles as shown.
In Fig. 1l.b, the mesh has nodes at .02 m spacing in the region 0 < x <€ .06, 0 <y <
.06 m. In the regions surrounding this sguare, the nodes on the inner radius of .1317
m are spaced 15 degrees apart. The nodes on the other three boundaries are spaced
equidistant apart. Straight lines are drawn connecting the nodes on y = .06 (or % =

.06) to the nodes on r = .1317. These lines have nodes equidistantly spaced. In the




cylindrical region, nodes are placed at r = .1317, .1333, .1349, .1365, and .160 m at

© = 0, 15, 30, 45, 60, 75, and 90 degrees. The outer regions have nodes spaced
equidistant on the boundaries. Straight lines connect the nodes at r = .16 and y = .78
{or x = .78). These lines have nodes equidistant apart. The total number of nodes is

114 and there are 93 guadrilateral elements in this x-y plane.

This mesh is extended in the z direction as shown in Fig. 2a. and 2b. The nodes
are spaced .10 m apart for 0 £ z £ .40 and .70 £ z £ 1.30 m. The spacing is .05 m for
.40 < z < .70 m. There are 17 planes each having 114 nodes for a total of 13938 nodes.
The 16 block layers have 93 hexahedral elements per block layer and a total of 1488
hexahedral elements.

If the user’s mesh generator prevents generating this mesh exactly, a mesh as

close to it as possible should be used.

2b. User Defined Mesh

The user is free to place the nodes as desired but should try to maintain the

same total number of nodes. Adaptive mesh generators may be used here.

2c. Other Technigues

Solutions obtained using integral techniques should use matrices that have
roughly the same number of non-zerco elements as those meshes defined above or that
have a similar mesh over the conducting region. Solutions treating the cylinder as a

zero thickness shell should use the mean radius 0.1341 m.

3. The Applied Magnetic Field and Boundary Conditiong

The applied magnetic field in the y direction is uniform in space and decays

exponentially with time as

By = By ed%

where B,= 0.1 T and 7 = .0387 s. This condition can be imposed by choosing the proper
initial boundary conditions.

Vector potentials may be specified on the left and right boundary to give the
desired field. If 0.0 vector potential is specified on the x = 0 plane, and (0.1)
(.78) T-m is specified on the ®x = .78 m plane, the field will be a uniform .1 T with
no conducting cylinder. The boundary planes y = 0 and y = 0.78 m are flux normal
boundaries. The plane z = 0 is a symmetry plane and has no flux ¢rossing it. The plane
z = 1.3 m alsc has no flux crossing it.

Scalar potentials may be specified on the y = 0 plane as 0.0 and on the y = .78
m plane as (0.1) (.78) T-m, The boundary planes x = 0 and x = .78 m have no flux

crossing them. The z = 0 and z = 1.3 m planes are the same as above.



4. Presentation of Results

The following qguantities in Table 1 should be calculated and presented. Some have

been experimentally determined. "
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Table 1.

Quantity Time (8) Calculated
Total eddy current (ampere) .00
crossing the plane z = 0 m. .01
.02
.04
.08
.12
Time of peak current and the value
Total eddy current (ampere) .00
crossing the plane z = 0.5 m. .01
.02
04
.08
.12
Magnetic fields (tesla)
By along the z axis at: z(m)
0.0 .00
.01
.02
.04
.08
212
0.2 L
0.3 Lk
0.4 b
0.45 £l
0.5 rr
.55 e
0.6 rr
0"‘,‘ L

L



Table I. (Continued)
Quantity Time (s) Calculated

Global Quantities:
Power losses in the cylinder .00
[[32pdSdz (watts) .01
.02
.04
.08
.12
Stored energy in the cylinder walls .00
ﬂ-—dS dz (joule) .01
.02
.04
.08
.12
Stored energy in the veclume .00
r £ 0.1317, z < 1.30 .01
H———-dez (joule) .02
.04
.08
.12
Stored energy in the volume .00
2 0.1365, 2 £ .30 .01
”—dez (joule) .02
.04
.08
.12
Force on one octant of the cylinder .00
5 :ﬂJz By dSdz (newton) .01
.02
Fy = [[J, By dSdz .04
.08
F,=[[(Jx By -Ty By)dSdz .12

Time at which each component of force peaks, and the peak value.
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